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INTRODUGTIOH 
Among tha features of many peptide-like antibiotics 
are specific structures and the occurrence of certain amino 
acids in the atypical fom. Because the field of anti­
biotics is recent in development, there has been vei^  little 
report of research which is directed toward the correlation 
of antibacterial activity with structure and optical iso-
marisja. Undoubtedly there will be a trend away from the 
isolation of antibiotics and toward the preparation of 
materials similar to them, but only after their structural 
characteristics have become more known and evaluated, fhe 
present thesis involves the synthesis of acyl derivatives of 
valine which may possibly have antibacterial action. The 
acyl groups have been chosen because they offer a wide range 
of structures, and many of them can occur as geometrical 
isomers. The three optical forms of valine have been in­
corporated into some of the derivatives. Valine was selected 
since it is fairly common in antibiotics, sometimes occurring 
as the L form, and sometimes as the D form. S •• 
There are no clearly defined principles enabling one to 
predict structures which can give antibacterial activity to 
amino acid derivatives. In other investigations of sub­
stances exhibiting a biological effect, success has often 
been obtained by the screening of many types of structures. 
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A bacteriological invastigation of the compounds prepared 
for this thesis may offer a guide to such principles* 
DiiFIillTlON OF TSRMS 
A uasful dafinltion of an antibiotic ia that given by 
VVaksman (1): An antibiotic ie **a chemical substance pro-> 
duced by mlcroorganisias which has the capacity to inhibit 
the growth of bacteria and other microorganisms and even to 
destroy them," 
Inhibition may be considered as a retardation or ces­
sation of enzymic processes within a microorganism caused by 
an influence usually foreign to that organism and evidenced 
by a lack of growth or multiplication. 
Waksman (1) has defined antagonism as 
the phenomenon of a living organism inhib­
iting or interfering with the activities of 
another living organism as a result of the 
creation of unfavorable conditions in the 
medium or the production of a specific anti­
microbial substance. 
Tha atypical configuration of an amino acid is the anti-
pode of that isomer which usually occurs in nature. Since 
this antipode sometimes does occur naturally, the often-used 
term "unnatural configuration" is not properly descriptive. 
(1) Waksman,"microbial Antagonism and Antibiotic Sub­
stances," p. 331. The Goamonwealth Fund. New York, 
1947. 
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HISTORIGAL 
The Structure of Peptlde-llke Antibiotics 
It la believed that Paateur and Joubert (2) were the 
first to call attention to bacterial antagonism and to sug­
gest its use against infections. Since then, but only after 
a long lapse of time, there has been developed a large back-
grouiKi of chemical and microbiological information concerning 
antagonism and the metabolic products which cause it. These 
products have been termed "antibiotics" by waksman (3). In 
1899 Smmerlch and Leow (4) reported the antibacterial acti­
vity of the culture medium from Paeudomonas pyocyaneus (Pseu-
domonas aeruginosa) as being due to a substance "pyocyanase." 
This was the first antibiotic discovered. Subsequent reports 
of antibiotic materials were the following: penloillic acid 
in 1913 (5)» actinomycetln in 1924 (6), penicillin in 1929 
{?)» citrinin in 1931 (8)# and gliotoxln in 1936 (9)« 
A surge of Interest in the antibacterial effects of 
these metabolic products began in 1939 when Dubos and 
(2) Pasteur and Joubert, Gompt. rend.. §5, 101 (1877). 
(3) vvaksman. Horning, Vvelsch, and Woodruff, Soil Scl.. 
261 (1942). 
(4) .Sffiaerlch and Leow, 2. Hy«. Infekt. K«. 1 (1899). 
(5) Alsberg and Black, U. Dept. Aizxlc. Bur. Plant Ii^ .. 
Bull. Mo. 270 (19137. 
(6) Gratia and Dath, Goaot. rend, soc. biol.. 91. 1442 (1924). 
(7) Fleming, Brit, g, 2^ {1929j. 
(8) Hetherlngton and Raistrlck, Trans. Roy. Soc. (London). 
220. 269 (1931)• Original not seen. Abstracted in 
C. A., 2486 (1932). 
(9) Weindling and iSmerson, fhy to pathology. 26. 1068 (1936). 
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Qattanao (10) reported the strong activity of tyrothricin, a 
protein fraction isolated from cultures of Bacillus brevis. 
Since then numerous other antibiotics have been isolated and 
investigated both chemically and bacteriologically. This 
review will consider only those antibiotics which have been 
shown to contain or can poseibly be derived from amino acids, 
and whose structure may contribute something to the problem. 
*»ith several possible exceptions the complete structures of 
these antibiotics are unknown. This lack of Information is 
perhaps due to a variety of reasons, of which the following 
are Importants the molecules are often very complex in char­
acter, protein chemistry has not advanced to the position where 
the arrangement of amino acids is easily determined, and fi­
nally, the field of antibiotics is relatively new in development. 
Much interest has been attached to the fact that many of 
these antibiotics contain amino acids in the atypical con­
figuration. Shose which have been reported are the following: 
gramicidin (£-leucine) (11,12) and (D-valine) (13,14), tyro-
mm "mt-
cidlne (^ -phenylalanine) (15). gramicidin 3 (D-phenylalanine)(l6), 
(10) Duhos and Cattaneo, j;. Exp. Med.. 70. 249 (1939). 
(11) Ghristensea, JIdwards, and Piersma, J. Biol. Ghem., 
141. 187 (1941). 
(12) Hotchklss, ibid.. 141. 171 (1941). 
(13) Dubos and Hotchklss, Trans. & Studies Poll. PhYsicians 
fhila.. (4) 2^ , 11 (1942). 
(14) Hotchklss, g, Bact.. 45. 64 (1944). 
(15) Gordon, Martin, and Synge, Biochea. j[., 313 (1943)# 
(16) Synse, ibid.. 363 (194511 
.6-
penicillin (D-paniclllaralne) (17), bacitracin, (D-
phonylalanine) (18), and aerosporin (^ -leucine and D -MK 4M» 
<x, T'•diaminobutyric acid) (19) • 
Various hypotheses CDncerning the function of the £ 
residues in these molecules have been presented. Froffi the 
evidence available it appears that if this particular con­
figuration is critical for activity, it may be but one of 
several critical featiures. For example, the inclusion of 
the ^  configuration in simple amino acid derivatives does 
not produce any antibacterial activity which the correspon­
ding JL derivative does not possess (20,21,22). Perhaps of 
fundamental importance is the fact that the presence of 0-
amino acids as such (23) and incorporated into simple pep­
tides (24) Interferes with the action of proteolytic enzymes. 
In this connection Hotchkiiss stated (25)» 
(17) Committee on Medical research, O.S.R.D*, Washington, 
and the Medical Research Council, London, Science, 102. 
627 (1945). 
(18) Barry, Gregory, and Craig, J» Biol, ^ •'hem.. 175. 485 
(1948). 
(19) Jones, Blochem. j;., 111, lix (1948). 
(20) Fling, Preparation of amino acids and derivatives and 
their effect on the growth of Lactobacillus arabinosus. 
Unpublished Ph.D. thesis. Affies, Iowa. Iowa State 
College Library. 1946. 
(21) Fling, iiinard, and Fox, J. Am. Chem. Soc.. 69. 2466 
(1947). 
(22) Fox, Kobayashi. Melvin, and iiiinard, J. Chem. ^ oc.. 
Xg, 2404 (1948). 
(23) Slklns-Kaufman and Neurath, 3iol. Chem.. 175. 893 
(1948). 
(24) Stahaann, Fruton, and Bergjaann, ibid.. 164. 753 (1946). 
(25) Hotchkiss, jidvances in iiinzymol.. 4. 183 (1944). 
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These &-aiaino acld^  may be toxic when 
combing, or the peptide oontaining them 
may "compete* with some normal protein 
or peptiide. However, it is more likely 
that the unnatural amino acids contribute 
rather a measure of biological indestruct­
ibility to a molecule toxic for other 
reasons . . • . 
The inhibition of oacterial growth by D-amlno acids under 
laboratory conditions (20,26,27,28) strengthens the idea 
that the inclusion of this configuration in antibiotics may 
contribute to the antibiotic action. 
i^ss Crowfoot has briefly indicated (29) that the D 
configuration of the phenylalanine in gramicidin a may 
facilitate cyclizatlon. This idea has been further elabo­
rated by Neuberger (30), who suggested that the presence of 
the 0 residues in a cyclic polypeptide reduces the steric 
interference between the protruding side chains. It may 
thus be considered that a cyclic polypeptide composed of 
amino acid residues all of which have the saae configuration 
would tend to be more unstable than a similar cyclic poly­
peptide containing a proper proportion of both configurations*. 
"• The aasistance which the Inclusion of glycine may give 
to the cyclizatlon of a polypeptide should be considered. 
Weurath, J. Ghem. Soc.. 65. 2039 (1943). 
{2&) Pox, Fling, and 3ollenback, J. Biol. Ghem.. 15^ . 465 
(1944) • "" 
(27) Fling and Fox, ibid.. 16Q. 329 (1945). 
(28) Kobayashi, Fling, and Fox, ibid.. 174. 391 (1948). 
(29) Crowfoot in Harris and Work, Mature, I6I. 804 (1948). 
(30) Meuberger, Advances in i'roteln Ohem.. 4, 298 (1948). 
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Goxwsejmlzig the effect of the inoluelon of the D configura­
tion Seubsrssr (31) stated. 
On this basis the cyclic character and the 
configurational abnoraalities are related, 
and the biological properties of these 
compounda may be due, not so much to D con­
figuration as such, but to the cyclic^  
structure which affects solubility aM 
other physical properties and thus largely 
determines the penetration of these sub­
stance a into cells. 
A protein precipitate, obtained at a pfi of 4.5 from 
cultures of Bacillus brevis. was treated to obtain an alcohol-
soluble water-Insoluble fraction (10), which was subsequently 
named "tyrothricin** (32). Dubos and Hotchkiss (33»34) 
showed that its antibacterial activity was due to the pres­
ence of two substances, gramicidin and tyrocldlne, and they 
obtained both of these antibiotics in crystalline form, the 
latter occurring as a hydrochloride. It has been estimated 
(35) that tyrothricln contains 10-20,'^  of gramicidin and 
40-'60;$ of tyrocldlne hydrochloride. Both antibiotics are 
resistant to the proteolytic enzymes, trypsin, pepsin, 
papain, and papaya latex (12). this has baen accounted for 
by the presence of D-amino acids and the high content of 
hydrophobic side chains (35). 
(31) i^ euberger, Advances Protein Chem.. 4, 372 (1948). 
(32) Hotohkisa and Dubos, J. aiol, '-'taeia.. 136. 803 (1940). 
(33) ilotchkiss and Duboa, ibid.. 132. 791, 793 (1940). 
(34) HotchKiss and Dubos, Ibid.. 141. 155 (1941). 
(35) Hotchkiss, Advances in iilnzyinol.. 4, 153 (1944). 
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Graialcldln has been considered to be a cyclic poly­
peptide eoffiposed of twenty-two amino acid residues and two 
ethanolamlne residues (35)• These could be combined to 
form twenty-four -GO-£^ H-llnkasee. The antibiotic contains 
free hydroxy1 groups but no free carboxyl or amino groups 
(>6). Hence It is neutral in aqueous solution. Gordon, 
Martin, and Synge (37} have determined by partition chroma­
tography that the amino acid composition of gramicidin, using 
twenty-four residues as a molecular unit, is as follows; 
i'lo. of Residues 
L-alanlne 3 
glycine 2 
D-leuclne 6 
5-tryptophan 6 
and L-vallne 5 
nydroxyamino compound* 2 
-^Leucine (11,12) and £Ij-valine (13,14) have been iso­
lated from an acid hydrolysis mixture. The presence of D-
suaixK) acids had been previously indicated by the action of a 
D-aaino acid oxidase upon the hydrolysate (38). By com­
parison of the ultraviolet spectra of acetyl tryptophan and 
graailcidln, Mwards (39) estimated the tryptophan content 
of graalcidin to be 39.3^ » as compared with 38.1JS for a 
* Later identified as ethanolamlne. Synge, Biochem. 
xxxxi (1944). 
(36) Hotchkiss, jJ. Biol. Chem.. Mi, 171 (1941). 
(37) Gordon, Martin, and Synge, Biochem* J.« 37. 86 (1943). 
(38) Lipmann, Hotchklss and Dubos. J. Biol. Qhem.. 141. 163 
(1941).  ^  ^  ^
(39) iSdwards, Arch. Biochem.. 21. 103 (1949). 
10-
oheffllcal determination (40). This haa been stated to be 
about five times the tryptophan content of any known pro­
tein (41). 
By counter-current distribution Gregory and Oraig (42) 
separated crystalline gramicidin into two main components, 
gramicidin A with a melting point of 227-228® and gramici­
din B with a melting point of 258-259®» and at least two 
smaller components. There was also a very siaall band ap­
parently corresponding to tyrosine. iSach component gave 
spectral evidence for tryptophan; gramicidin A had the 
highest percentage and gramicidin 3 had about 85^  that of 
A. f'aper chromatography indicated that both gramicidin A 
and a contained alanine, glycine, leucine, tryptophan, and 
valine. 
Because the above evidence shows that crystalline 
gramicidin is nonhomogeneous, previous hypotheses concerning 
structure and molecular weight must be revised, fhe presence 
of these components may well explain the lack of agreement 
among th^  various molecular weight determinatlontf^ . 
Not much is known about the arrangement of residues in 
gramicidin. After strong acid hydrolysis Ghristensen (43) 
* For summary, see (35)* 
(40) Fraenkel-Gonrat, Lewis, Dimlck, Edwards, Reitz, Ferrel, 
iSrandon and Olcott, rroc. Soc. ^ xp. Biol. Med.. 
302 (1946). 
(41) {f'raenkel-Cionrat, Brandon, and Olcott, jJ. Biol. Ohem.. 
168 99 (1947). 
(42) Gregory and Craig, ibid.. 172. 839 (1948). 
(43) Ghristensen, J. Biol. Qhem., 154. 427 (1944). 
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Isolated the dlpeptldee D-valyl-£-valine and ^ valyl-^  
valine as a raceialc mlxtiu*©. There has been some discussion 
as to whether these configurations occur related as such in 
graalcidin (30,44), However, at present there are not enough 
data available on the relationship between peptide structure 
and ease of inversion to determine whether inversion at 
these optical centers could, or could not, have occurred 
during hydrolysis and isolation (30), 
Synge (44) has isolated the dipeptide ^ valylglycine 
from a partial hydrolyzate of gramicidin. From the amount 
of the dipeptide obtained, he stated that in the antibiotic 
at least two L-valine residues occur linked through their 
carboxyl groups to glycine residues. 
The structure of tyrocidine has been clarified no more 
than that of gramicidin. It is known to be a polypeptide 
having a weakly acidic group, two basic groups and three 
aauaonia residues occurring as amides (12). Gordon, Martin, 
and Synge, using partition chromatography on an acid hydro­
lyzate (15)» have isolated and identified as acetyl deriva­
tives Ij-aspartic acid, L-glutamio acid, I^ leucine, 
omithine, D-phenylalanine, ^ proline, tryptophan (rotation 
not determined), L-tyrosine, and Lr-valine. The presence of 
(44) Synge, Biochea. 285 (1944). 
•12«» 
a^spartio acid was oanflrmed by the Isolation of Its ben­
zoyl derivative from a liydrolysate (45); that of j^ -leuclne, 
valine, and ^ tryptophan was confirmed by aaioroblological 
assay (45)• The following composition (55) takes into con­
sideration the analytical data now available althoiigh a 
molecule about one-half the size has been suggested as also 
satisfying the data (46)s 
No. of Residues 
ammonia 3 
L-aspartic acid 2 
g^lutamic ac id 2 
X-leucine 2 
L-ornithine 2 
D-phenylalanine 3 
J-proline 2 
I^ -tryptophan 2 
tj-tyros ine 2 
X-valine 2 
By splitting out twenty-two equivalents of water, the 
above molecules could condense to a large molecule whose 
hydrochloride would have the empirical formula 
1^27^ 166^ 26^ 26'^ ^^ ^^ *  ^ weight of 2546 (35). 
Hotchkiss has reported (12) equivalent weights of 855 t>y 
alkali titration, 1285 i>y chloride determination and 815 W 
the determination of easily evolved ammonia. His hypothesis 
for the structure of tyrocidlne is of interest (47)s 
A likely arrangement of the residues Is a 
peptide chain in which the 19 -amino and 
(45) Ohrlatenaen, U2ynan, and Hegsted, Biol. Ghem». 158. 
279 (1945). 
(46) Chrlstensen, Ibid.. 160. 75 (1945). 
(47) Hotchkiss, Advances in Enaymol.. 4, 168 (1944). 
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carboxyl groups are combined, presumably 
formed in a cycle. The 2 basic groups of 
the ornithine side chains would be free to 
combine as hydrochloride, while 5 of the 4 
acidic side chains of the dicarboxylic 
acids are probably combined with ammonia 
as -CO-NHg groups. The remaining free 
carboxylic side chain presumably accoimts 
for the free weak acid group found when 
tyrocidii^  is titrated by alkali in alco­
holic solution. Qf course, it is also 
possible that this group is combined and 
one of the «><-amino acid carboxyl groups is 
free. It had been suggested that the free 
weak acid group was a phenolic group of 
tyrosine because the acetyl derivative 
appeared to be neutral (12), but this ob­
servation may have been in error. 
Christensen (46) has reported experiments in which he 
showed that the acidity of tyrocidine is due to the phenolic 
hydroxy1 of tyrosine and that the only free basic groups are 
due to the S-amino group of ornithine. Treatment of tyro-
eidine witxi p-tolu©nesulfonylchloride and subsequent acid 
liydrolysis gave only the corresponding tosyl ester of ^  
tyrosine and the -^toeylamide of L-ornithine. Methylation 
of tyrocidine with dimetiiyl sulfate gave the mettiyl ether of 
Ii-tyrosine; reaction of tyrocidine with methyl isothiourea 
produced ^ arginine. he detected no other amino acid deriva­
tives in the reaction mixtures following hydrolysis. 
Gramicidin S (Soviet gramicidin) (48,49) is a crystal­
line polypeptiae liydrochloride which is isolated from a 
(48) Gause and Braahnikova, I^ ancet. 247. 715 (1944). 
(49) Belozersky and JPasshina, ibid.. 247. 716 (1944). 
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vaoriety of Bacillus brevla. Its structure has been defi­
nitely determined. 
Sjnge (16) suggested that the su'ostance is cyclic in 
structure because of the following facts: the presence of 
on© free amino group per stoichiometric mlniiaum unit, the 
absence of free carboxyl groups, and a yery large optical 
rotation, which is : -295° in 70% ethanol. Prom the 
results of paper chromatography on an acid hydrolyssate and 
subsequent isolation of acetyl amino acids (16), Synge showed 
that this minimum unit of gramicidin S is composed of one 
residue of each of the following amino acids* : l^eucine, 
If ornithine, ij-phenyalanine, ^ proline, and L-valine. By 
the use of 2,4-dinitrofluorobenzene Sanger (50) demonstrated 
that the basic character is due to the <5-amino group of 
Ij-ornithine. 
By paper chromatography of a partial hydrolyzate, 
Oonsden, Gordon, Martin, and Synge (51) obtained enough 
evidence to determine the complete structure of graiaicidin S. 
The following peptides were isolated: o<-valylornithine, 
ornithylleucine, leucylphenylalanine, phenyalanylproline, 
and also though less conclusively, o<-prolylvalylornlthine, 
cK-valylornithylleuclne, and phenylalanylprolylvaline. 
Dhe similarity in amiiK) acid composition between 
gramicidin S and tyrocidlne should be noted. 
(50) Sanger, Biochem. J., 261 (1946). 
(51) Oonsden, Gordon, Martin, and Synge, ibid.. 41. 596 
(1947). 
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Because of the overlapping structure of these peptides, they 
were able to formulate unequivocally the arrangement of 
residues in gramicidin S as {( -°<-(tj-valyl-I^ ornithyl-I|-
leucyl-D-phenylalanyl-L-prolyl-) ))^ t where n is probably 
1 or 2. 
It has been pointed out (16) that the knowledge con­
cerning gramicidin S will likely prove helpful in the struc­
ture determination of tyrocidine, which is similar in amino 
acid composition and in which the <5"-amino group of or­
nithine is also free* 
The free c?-amino group of ornithine in gramicidin S 
was shown to be a critical feature for antibacterial acti­
vity by Snamenskaya, Agatov, and Belozerskii (52). All 
activity was lost by its acetylation, benzoylation, or 
deamination with nitrous acid. Salts with nucleic acids 
retained their activity. 
The antibiotic activity of penicillin was first 
noted by Fleming (7) in a bacterial culture contaminated by 
i'enlcilliuB notaturn. In 1940» a group of workers (53) re­
investigated the activity and thereby initiated an enormous 
(52) Znamenakaya, Agatov, and Selozerskii* Doklady Akad. 
Mauk S.S.S.E.. 52, 95 (1948). Original not seen. 
Abstracted in £. A*, 6^ 2 (1948). 
(53) Ohain, Florey, Gardner, Heatley, Jennings, Orr-Swing, 
and Sanders, liayicet. 239. 226 (1940). 
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program of chemical research (5^ ), as well as much bac­
teriological and clinical research. 
fhe stzmcture of tirie penicillin molecule was established 
by a variety of chemical and physical methods (54), It was 
shown to consist of a »3-lactam ring fused to a thiazolidlne 
ring, fhe aulfur-contalnlng amino acid, penicillamine, has 
the J^ -conflguratlon (55) • 
A number of naturally occurring penicillins have been 
Isolated In which the R group Is varied (56). They are the 
following: n-amylpenlclllln, 2-pentenylpenlclllln, n-
heptylpenlclllln, benzylpenlclllln, and p-hydroxybenzyl-
penlclllin. 
Several parts of the penicillin molecule have been 
shown to be critical for antibiotic activity- The D-
conflguratlon of penicillamine is probably essential; this 
fact has been shown by Indirect evidence (57). The ^ -laotaffi 
(5^ ) "The Chemistry of cenlclllln," edited by Clarke, 
Johnson, and iioblnson, irrlnceton University jeress, 
?r inc e ton, N.J., (1949)• 
(55) Abraham, Baker, •^ on, Galam, Garrlngton, Ghaln, Florey, 
Freeman, itoblnson, and Sanders, Ibid*, p. 15* 
(56) Winterstelner. Boon, Garrlngton, MacCorquodale, Stodola, 
Wachtel, Goghlll, Hlsser, Philip, and Touster, Ibid.. 
p. 76. 
(57) du Vigjieaud, Carpenter, Holley, Llvermore, and Hachele, 
Science. 104. 431 (1946), 
a-GO-NH-| f 
..J— 0 G02H 
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rlug is essential; hydrolysis to the dl-acid removes the 
activity (58)f and a hoffiologue of penicillin with a y-lactam 
ring is Inactive (59). h^e oxidation of the sulfide group 
to a sulfoxide (60,6l) produces inactivity, i'he oxidation 
to a sulfone (6l) or the substitution of the two methyl 
o^ups oj hydrogen (62) does mt completely remove the anti­
biotic activity. 
Crystalline benzylpenlclllln has been synthesized 
(57»63) in a very low yield (0.1%) from ^ -penicillamine and 
2-benzyl-4-mQtho:^ ffiethylene-5{^ )-oxazolone. However, the 
synthesis was of such a character that it cannot be consi­
dered as a confirmation of structure. 
Bacitracin is a polypeptide obtained from a strain of 
Bacillus subtllls (64). It resists digestion by pepsin or 
trypsin (64). 
A commercial sample of bacitracin was separated by 
counter-current distribution into one main band of 
the sample weight) and two smaller bands (18). After acid 
hydrolysis of this main band there were Isolated, again 
by counter-current diatrlbution, those five bands: a 
(58) Mozingo and Folkers, "The Chemistry of i'enlclllln," 
p. 535. 
(59) du Vlgneaud and Carpenter, ibid., p. 1004. 
(60) Peck and Folkers, Ibid,, p. 144. 
(61) Goghlll, stodola, and Wachtel, ibid., p. 680, 
(62) duVigneaud, Wood, and Wright, ibid., p. 892, 
(65) du Vlgrxeaud, Carpenter, Holley, Llvarmore, and Rachele, 
ibid., p. 1018. 
(64) Joiinson, Anker, and Meleney, Science. 102. 376 (1945). 
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eryetalllzia dlpeptlde with little or no optical activity but 
containing phenylalanine and isoleucine, a peptide apparently 
containing phenylalanine and ornithine, raoeiaic pnenylalanlne, 
Ifleucine, and finally, ^ iaoleucine. 
Moore and Stein (65) reported the preliminary auaalysls 
of bacitracin by the aid of a starch column. They obtained 
the following data in terms of grams of amino acid per on© 
hundred grams of bacitracin: 
An undetermined euaino acid, perhaps ornithine or hydroxypro-
llne, moved down the column with cystine. The authors stated 
that within the sensitivity of the method (0.1^ ) the fol­
lowing amino acids were absent: arginine, methionine, 
proline, serine, threonine, and valine. 
Aerosporin (66) is produced by the organism Baolllue 
aeroBPorouB Greer. By paper chromatography of an acid 
hydrolyaate (19)» Jones demonstrated the presence of leucine, 
threonine, and o<,'V-diamlcuDbutyrio acid. The latter was 
($5) iioore and Stein in (18). 
(66) Alnsworth, 3rown, and Brownlee, Nature. 160. 263 (1947). 
am^ nla 
aspartic acid 
cystine 
glutamic acid 
histldlne 
isoleucine 
leucine 
lysine 
phenylalanine 
1.5 
17 
14 (from total sulfur) 
10 
10 
22 
9 
7 
11 
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balievQd to be in the ^  form because of the similarity of 
the ffielting point of its hydrochloride to that of a synthetic 
saaple. After spraying the chromatogram with £-amino oxi­
dase and incubation (67)> treatment with ninhydrin reTealed 
that the isomers were leucine and threonine* i4o con­
firmation of the configuration of the di-amino acid could be 
obtained from this experiment because a synthetic sample of 
-diaminobutyric acid was not affected by the D-amino 
acid oxidase used. 
jpolymyxin, produced by Bacillus polymyxa. is unusual 
among antibiotics in that it is specific for aram-negative 
bacteria (68, 69)* It is the hydrochloride of a basic poly­
peptide and contains no detectable acidic groups (70). 
Polymyxin, like some other antibiotics, e.g., gramicidin and 
tyrocidine, is resistant to hydrolysis by enaymes. Pepsin, 
trypsin, pancreatin, and erepsin have been tried (71)• 
Chloromycetin (72), produced by a variety of Strepto-
myces. may become of importance because of its activity 
(67) (68) 
(69) 
(70) 
(71) 
(72) 
Jones, Biochem. xxxv (1948). 
Stansly, Shepherd, and White, Bull. Johns Hopkins Hosp.. 
43 (1947f>. 
Stansly and Schlosser, J. 3act.. 54. 549 (1947). 
Shepherd, Stansly, Winterbottom, Snglish, Fellows, 
Anenenko, and Guillet, Aqi. Ghem. Soc.. IS, 5771 
(1S?48). 
Stansly and Anan©^ k^o, Arch. Biochem.. 15# ^ 73 (1947). 
Shrlich, Bart a, ^ >mith, Joslyn, and Burkholder, Science. 
106. 417 (1947). 
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agalnst experimental rickettsial and vlrlal Infections (73). 
M-GO-CHOlo 
 ^—OHOH—CH—GH2'«5H 
The structure (74) Is extremely unusual among natural 
products because of the presence of a nltro group and a dl-
chloroacetyl radical. It may be considered as an amino 
acid derivative In that phenylalanine could conceivably 
be the precursor. 
Aspergllllc add (75) Is produced by AsoerKlllus 
flavua. It Is too toxic for clinical use (75). The struc­
ture resembles the anhydride of Isoleuclne (76) and a 
notable feature of it Is the presence of a hydroxamlc acid 
group. This group has been demonstrated to be the center 
of antibiotic activity since the desoxy derivative Is In­
active and several synthetic tiydroxaialc acids also possess 
antibacterial activity (76). 
C2H5(GH3)GH 
OH 
(73) Smadel, Jackson, Ley, Lewthwalte, froc. ^ oc. gxp. 
Biol. Med.. 22* 191 (1949). 
(74) Hebstock, crooks, Gontroulle, and Bartz, Paper at 
115th msetlng, American Ghemical Society, San 
Francisco, California, 1949. 
(75) White and Hill, i. 3act.. 433 (1943). 
(76) Dutcher, J. Biol. Cheat.. 171, 321 (1947). 
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A numtoer of articles have appeared which report ex­
periments designed to produce synthetic amino acid deriva­
tives having antibacterial action. For the purpose of this 
review they may be considered in two groups: modified anti­
biotics and purely synthetic compounds containing a natural 
affliiK> acid. The latter compounds have usually been modeled 
after a characteristic of some particular antibiotic. 
A property of gramicidin which deters its use in medi­
cine is its strong hemolytic action. In an attempt to 
reduce hemolysis and also to obtain a more soluble substance, 
a group of workers (40,77»78) treated grajnicidin with a 
number of reagents which are capable of reacting with an 
indole luicleus or with an hydroxy 1 group. The action of 
formaldehyde, which introduced methylol groups into the 
indole nucleus, decreased the amount of hemolysis to 20% and 
the antibacterial activity to that of gramicidin. The 
solubility was not increased. The reaction product with 
glyoxylic acid retained the hemolytic action and this was 
not reduced by subsequent treatment with formaldehyde. The 
sulfamic acid obtained by the reaction of pyrldine-chloro-
sulfonic acid showed both decreased hemolytic and antibacterial 
(77) Iiewis, Dlmick, Peustel, Fevold, Olcott, and Fraenkel-
Gonrat, gcience. 102. 274 (1945). 
(78) Olcott, Lewis, Dimlck, Fevold, and Fraenkel-Gonrat, 
Arch, iilochem.. 10. 553 (1946). 
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aotlon. A eucelnic half ester of methylol-gramlcidin showed 
aboufc of the antibacterial activity, 1-5^  of th® hemolytic 
activity and about 2-55^  of the toxicity of gramicidin. Its 
salts were soluble in water. 
Other derivatives of gramicidin were prepared by Schales 
and Mann (79»80). Their formaldehyde reaction product had 
about the hemolytic activity of gramicidin. The sub­
stances thsy obtained by treatment of gramicidin with nitrous 
acid, chromic acid, bromine, iodine, hydroxylamlne, hydrogen 
chloride, and sodium hydroxide were 2-87^  less hemolytic and 
18-50^  less active against Staphylococous aureus than the 
original material. 
Many modified penicillins have been prepared in an 
attempt to Improve their effectiveness (60,61), either by 
increasing their stability, decreasing their rate of excre­
tion, or changing their specificity to organisms. The ben­
zyl and alkyl esters proved to be inactive In man because of 
the esters* resistance to hydrolysis. The ,3-dlethylamino 
ester of benzylpenlclllln is readily hydrolyzed at pH 6.0 
(81), lait its activity has not been reported. g-Hydroxy-
benzylpeniclllln was lodinated to a dllodopenlclllln and 
(79) bchales and Mann, Arch. Blochem.. 13» 357 (1947)• 
(80) Schales and Mann, ibid.. 18. 217 (1948). 
(81) carpenter, Chem. Soo.. IS, 2964 (1948). 
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bromiaated to an unpurlfled bromopenlcillin. Each product 
was slightly more active vitro than the parent material. 
A. group of azo penicillins was obtained by the coupling of 
aryl diazonium salts with £-hydroxybQnzylpeniclllin. In 
general, they proved to have the same order of JUi vitro 
activity as the parent penicillin. The sulfone of benzyl-
penicillin had appreciable in vitro and JUn vivo activity. 
The corresponding sulfoxide was reported to be inactive in 
vitro« iMitrosation of benzylpeniclllln gave a product which 
was also inactive jya vitro. 
Some new penicillins have been produced by the addition 
of suitable compounds containing a substituted acetyl radical 
to the growth media (82,82). The mold proved able to in­
corporate certain of these radicals into a penicillin mole­
cule. Twenty-nine crystalline penicillins have been obtained 
in this manner. They are £-meth03qrbenzyl-, ^ -nltrobenzyl-, 
2r* Ert j^ -fluorobenzyl-, £-chlorobenzyl-, £-bromobenzyl-, 
£-iodobenzyl-, 2-thiophenemethyl-, phenoxymethyl-, £-
tolylmercaptomethyl-, cyclopentylmethyl-, £-methylbenzyl-, 
£-allyloxybenzyl-, methylmercaptomethyl-, ethylmercapto-
aethyl-, n-propylmercaptomethyl-, iBopropylmercaptomethyl-, 
allylmercaptomethyl-, ^  -broeioallylmercaptomethyl-. 
(82) Behrens, "SThe Chemistry of Penicillin," p. 657* 
(83) Behrens, Corse, Mwards, Garrison, Jones, Soper, Van 
Abeele, and Whitehead, J. Biol. Chem., 175. 793 (1948). 
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n-butylmercaptomethyl-, iaoamylmercaptomethyl-, 
g-trifluorometiaylphenylmercaptomethyl-, i -phenylpropylmer-
captomethy 1- , /0 -phenoxyethyImercaptome tby 1-, 
 ^-naphthylmercaptomethyl-, phenylselenomethyl-, 
-^methoxyphenoxymetiiyl-, and 3-thlophen0meroaptomethyl-
peniolllln* 
iJo synthetic derivative of D amino acids has yet been 
reported which has antibacterial activity approaching that 
of the antibiotics. The evidence points to the fact that 
the mere inclusion of a jD configuration into an amino acid 
derivative is not enough to confer antibiotic activity. 
Durixig his research on gramicidin and tyrocldine, Hotch-
klss (14) tested palmityl-J^ - and tryptophan. Both iso­
mers showed about the^  same activity. Fling has reported the 
testing of the following compounds (20); D- and ^ leucine 
methyl ester, D- and jK-vallne methyl ester, and L-tyroslne 
ethyl ester, M-benzoyl-£- and Ij-tyroBlne, K-benzoyl-^ - aM 
Ig-tyrosine amide and ethyl ester, D^ leuclne anhydride, the 
formyl, glycyl, phthaloyl, DXi-prolyl derivatives of £- and 
I^ leucine, and the formyl, phthaloyl, Dl^ prolyl derivatives 
of D- and Ii-valine. They were all relatively inactive and 
3 3S 
showed no antipodal specificity. 
The four laomeric leucylleucines, £-L-, and 
"^4"* were tested (22) and found to be devoid of antibacterial 
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activity. The ^ racemization'* of casein gave materials which 
also had. no activity (22). 
The synthesis of D-leucyl-^ tryptophan anhydride has 
Iseen reported by Pruton (84). He thought it of Interest 
because gramicidin is considered to be a cyclic polypeptide 
containing a large proportion of both ^ -leucine and If 
tryptophan. The compound was but slightly active against 
the organisms used. 
Because degradation experiments on gramicidin S (51) 
showed the structure to be ((-^ -(^ valyl-^ ornithyl-
leucyl-D-phenylalanyl-If-prolyl-) ))||5^  Harris and Work (85) 
prepared these two peptides: cK-^ -valyl-^ -ornithyl-I^  
leucyl-^ phenylalanyl-^ proline and c><-|j-valyl-DI^ ornithyl-
Ij-leucyl-g-phenylalanyl-lj-proline. Dl^ ornithine was used 
because of its greater availability as compared with L-
ornithine. Both peptides were only very slightly inhibitory 
against certain organisms and showed no detectable antipodal 
specifioity. The authors stated tiiat the correspoMlng 
peptides containing L-ornithine would be prepared and that 
attempts would be made to cycllze them. 
In connection with the structure determination of 
gramicidin S, Synge (86) prepared these dipsptidess 
(84) Fruton, g* Am. Cheia. Soc.. 70. 1280 (1948). 
(85) Harris and Work, iSjature. 804 (1948). 
(86) Synge, Biochem. J., 42, 99 (1948). 
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o«-j^ valyl-Ji-ornlthina , L-ornithy 1-^ leuc in©, 
Ij-lsucyl-^ -phenylalanine, Jji-phenylalanyl-L-prollne and ^  
prolyl-If-valine. There were no antibacterial tests reported* 
Typical of the substances which a group of workers has 
prepared (87*38,89)» using penicillin as a model, is the 
following structure: 
.s. 
R^ -OO-NH-CHR-CO-H 
E* 
R* 
-GOgH 
where R represents various amino acid side chains, R* is 
hydrogen or methyl, and R" is phenyl or benzyl. They also 
prepared simpler derivatives having this general structure: 
S 
Vit' 
T R' 
HN i-GOgH 
where R is of a type such as trichloromethyl or isopropyl, 
and R' is ixsrdrogen or methyl. In the latter compounds 
cysteine or penicillamine was incorporated as the D, 
and |j forms. Mone of the derivatives showed much anti­
bacterial activity. Syntheses of other amino acid deriva­
tives having a structure similar to that in the latter 
(87) i e^her, Wettstein, and Miescher, Helv. Chim. Acta. 29. 
1815 (1946). 
(88) Meher, Spillman, Werner, "vettstein, and Miescher, 
ibid.. 1874 (1946). 
(89) ?/erner, wettstein, and Miescher, ibid.. 30 . 432 (1947). 
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fleur® given abova have been reported (90,91)• 
In a patent (92) there has been described the synthesis 
of this compoundt 
It had no antibiotic activity but after treating it with 
silvex oxide in chloroform, there was isolated a material 
having "penicillin-type" activity. 
(90) British i'atent 584, 918 (1947)* 
(91) Soloway, Klpnis, Ornfelt, and Spoerri, J, Joa. Qhem. 
a 
riij GOgii 
soo«. 10, 1657 (194aj. 
(92) British Patent 588, 101 (1947) 
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EXPSKIMENTAL* 
Freparations Related to the Problem 
P^fathaloyl-iDI^ Yallne*» *** 
This compound was prepared by the fusion of 14.8 g. 
(0.100 mole) of phthallc anhydride with 11.7 6* (0.100 
mole) of valine at 175° for about twenty minutes and 
until all water was removed. The residue was reorystal-
11zed from 100 ml. of carbon tetrachloride to give 24 g. 
(97$ of theory) of product with a melting point of 99-101®. 
Upon repeated recrystalliaation of this material from 
cyolohexane, crystals having a melting point of 102-103° 
were obtained. 
Anal. Galcd. for neut. equiv., 247; N, 5»67» 
Found: neut. equiv., 246; |j, 5«67* 
y fhthaloyl-ijl^ Yaline mono hydrate 
Three g. of the above imide was dissolved in 6 ml. of 
absolute ethanol and ecyough water was added to cause tur­
bidity. Upon careful cooling, 2.3 g. of the monohydrate 
* Meltizig points are uncorrected. Rotations, unless 
otherwise noted, were taken on 3^  solutions in absolute 
ethanol. Nitrogen determinations were done by the 
micro KJeldahl method. 
** i)erivatlve8 marked with a # have been reported, Minard 
and Fox, J. Ghea. Soc.. 71. 1160 (1949). 
This derivative had been prepared prior to its descrip­
tion by Billman and Harting, J. Qhem. Soc.. 70. 
1473 (1948), 
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crystallised out with a melting point of 80.0-81,5® after 
preliminary softening# 
Anal, Galcd. for neut. equiv., 265; 
5.28. 
Found: neut. equiv,, 262} N, 5«28, 5*35# 
Phthalovl-jj- and L-valine 
These derivatives were synthesized by fusion of 
phthalio anhydride and the valine isomer as described above 
for the phthaloyl-^ v^aline. They have been previously 
reported (20,21). 
o ia-1.2-Oy9lobutanedioarbony1-DL-valine 
The oiB-1.2-cyolobutanedicarboxylic anhydride was pre­
pared according to the method in the literature (93) through 
the following sequence of intermediates; adipio acid, 
o<, cs^  *-dibromoadipic acid dimethyl ester, l-cyano-1,2-
cyclobutanedicarboxylic acid dimethyl ester, 1,1,2-
cyclobutanetricarboxylic acid, cia-1.2-oyclobutanedicar-
boxylic acid, and finally, ciB-l«2-oyclobutanedioarboxylie 
anhydride. 
One and three-tenths g. (0.010 mole) of the anhydride 
and 1.2 g. (0.010 mole) of J^ -valine were fused in an oil-
(93) Buchman, Helms, Skei, and Schlatter, J. Am. Ghem. 
Soc., 64, 2696 (1942). 
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bath at 175® for about twenty minutes, and the residue was 
recrystallized onca from carbon tetrachloride to give 1,0 g. 
of aaterial, melting point 99-100®# Subsequent recryatal-
lizatione from cyclohexane gave crystals with a melting 
point of 102#5-103.5°. 
Anal. Calcd^  for neut. equiv., 225; N, 
6.22. 
Found: neut. equiv., 223: 6.13, 6.20. 
0 la -1. 2*G y c lobutanedioarbonv 1-13 val ine monohYdrate 
When the above imide was dissolved in water at 60® 
and the solution cooled, crystals of the monohydrate ap­
peared. The melting point could not be raised above 80-
83® by purification from water. 
Anal. Calcd. for GnHj^ yO^ N: neut. equiv., 243j N, 
5.76. 
Found: neut. equiv., 241; 5*74. 
fola-1.2-nyclobutanedioarbonYl-D-valine monofavdrate 
fhe fusion between 2.3 g« (0.020 mole) of the anhydride 
and 2.5 g. (0.020 mole) of D-valine was carried out at 
175® in the usual manner. %i8 isomer was purified from 
ethanol-water to give crystals of a monohydrate whose 
melting point remained at 92-98®. The anhydrous compound, 
from tetralin-hexane, was very hygroscopic and was not in­
vestigated. 
ss 
= +77.5® * 3.6® 
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Anal. Galcd. for neut. equlv., 243; H, 
5.76. 
Found: neut. equlv., 246; N, 5*81, 5*85 
o^l8"X.2-Qpclooutanedicarbonyvaline monohydrate 
fhe preparation and the quantities used were in ovex^  
way identical with those described for the £ Isomer, jy-
valine being used instead of the valine. The salting 
point was also 92-98®. 
26 
= - 76.1° • 2.8° 
Anal. Ualod. for neut. equlv., 243; N, 
5.76. 
Found: neut. equlv., 246; N, 5.70, 5.73. 
jprooedure for the hydrolysis of the imldea 
A general procedure was used for the hydrolysis of each 
of the preceding imides: A quantity of the Imide (1-12 g.) 
was titrated with 2 sodium l:iydroxlde to a phenolphthalein 
and point, and the identical amount of base plus 20^  of the 
total was added. The resulting solution was placed in a 
vigorously boiling water-bath and heated until the Inside 
temperature reached 70®. It was then quickly cooled in ice 
and acidified with excess concentrated hydrochloric acid. 
After precipitating in the cold, the solid, consisting of 
organic and imrganic material, was filtered off and purified 
as described below for each compound. The yields of purified 
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2-carboxycyclobutanecarbonylvallneB and o-carboxybenzoyl-
valln©8 were 40-50/^  and 60-75jt respectively. The substances 
were all more water-soluble than the Imldes from which they 
were prepared. 
#o«Garboxybenzoyl-£>L-valine 
The dried material from hydrolysis was dissolved In 
acetone, filtered from the organic residue, and precipitated 
by carbon tetrachloride. Several such purifications gave 
crystals with a melting point of 171«5-172.0®. 
Anal. Galc<i. for neut. equiv., 133$ N, 
5.28. 
Found; neut. equiv., 132; N, 5.27, 5*27. 
o^-Garboxybenaoyl-D-valine 
This derivative was obtained from phthaloyl-^ -vallne 
and was purified in the same manner as described above for 
the ^  Isomer. It had a melting point of 153-154®. 
ssast 2y 
Z + 16.2° * 0.4° 
Anal. Calcd. for neut. equiv., 133; N, 
5.28. 
Found; neut. equiv., 132, 134; N, 5.26, 5«28. 
i-garboxvbenzoyl-L-vallne 
This compound was prepared from phthaloyl-^ fvaline by 
the identical procedure used for the preparation of 
33-
o-carboxybenzoyl-^ -vallne. The melting point was 154-
155°. 
24 
= - 15.9® % 0.5° 
Anal, Calcd, for : neut. squlv., 133; N, 
5.28. 
Found; mut. equlv., 132j N, 5.23 
 ^o lB-2-Qarboxy oy o lobutane carlso ny 1-OL-val ine 
The solid obtained from the hydrolysis of the cor­
responding imide was recrystalliaed several times from 
water to give a melting point of 178-179®. 
Anal. Oalcd. for neut. equlv., 122; N, 
5.76. 
Found: neut. equlv., 124; 5.73, 5.73. 
yols-^ -Oarboxycyolobutanecarbonvl-D-vallne 
The dried hydrolysis mixture was purified by solution 
In absolute ethanol, filtration from the inorganic matter, 
addition of ethyl acetate to prevent layering, and then 
addition of hexane to incipient precipitation. Several such 
purifications gave the amide in well-formed crystals; 
melting point 168-169®. 
27 
/•='<7b = + 7.4° t 0.5° 
Anal. Calcd. for neut. equiv., 122; jN, 
5.76. 
Founds neut. equlv., 123; N, 5.70, 5.71. 
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boxyoYOlobutanecar bo nvl-L" valine 
eoffipoimd was synthesized and purified in the same 
maimer used for the 2 isomer. It also had a melting point 
of 168«169®. 
26 
/"o<7^  « - 7.2° 4 O.4O 
Anal. Calcd. for ; neut. equlv., 122; 
5.76. 
\ 
Found: neut. equlv., 122, 123; N, 5«73* 5*81. 
Malay l-£^ va 1 ine 
fhe following procedure was adapted from that reported 
for the preparation of aaleylglyclne (94). A mixture of 
10.9 g* (0.110 mole) of malelo anhydride and 11.7 g* 
(0.100 mole) of DL-valine was heated at 100® for three-
fourths of an hour during which time the powdery mass was 
often agitated. It was then cooled, trittu'ated in very 
dilute hydrochloric acid, and filtered, '^ 'his material was 
dissolved in 50 ml. of hot ethanol, 100 ml. of hot water 
was added, and the solution was allowed to crystallize in 
the cold. Filtration gave a yield of 15*5 g* (69^ ) of 
malevl-i)]^ valine with a melting point of 165-167®• 
other recrystallizations from the same solvents produced a 
material with a melting point of 166-167°• 
(94) Werbin and Spoerri, Ghem. Soo.. 69. 1682 (1947)* 
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Anal» Calcd, for neut. equlv., 108; N, 
6.51. 
Found; naut. equlv., 108, 109; N, 6.51, 
Malay l~i)- and L"valine 
When the fusion of maleic anhydride and an optical 
isomer of valine was carried out at 100® as for the above 
racomic compound, an intractable oil resulted. A mixture 
of 5.8 g. (0.050 mole) of either or I^ -valine and 5.9 g. 
(0fc060 mole) of maleic anhydride was kept at 70® and agi­
tated until the mush changed to a solid. This required 
from fifteen to twenty minutes. The solid was dissolved 
in 200 ml. of hot ethyl acetate and then carbon tetrachloride 
was added to incipient precipitation. A seed was intro­
duced and the mixture was set aside to crystallize in the 
cold. The yields were about 75% of theory. The melting 
points were 132-133® after several other recrystallizations 
from the same solvents. 
Maley 1-13-valine 
25  ^
a + 1.6® « 0.1® * 
21 n 
- - 26.2® * 0.3 ** 
Anal. Calcd. for G^ ji-jOjN: neut. equiv., 108; 
6.51. 
* notation was taken on a 3^  solution in absolute ethanol. 
»« iiotation was taken on a 3^  solution in ethyl acetate. 
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Found: neut. equlv., 108; II, 6.45. 
= + 25.5*^  t 0.5° * 
Anal. Galcd. for neut. equiv., 108; N, 
6.51. 
Found: neut. equiv., 109; N, 6,50. 
Fi^ aryl»J^ «|^ YaliQ^  
Sleven and seven-tenths g. {0.10 mole) of £^ vallne 
was dissolved in 100 ml. (0.10 mole) of 1.0 N sodium hydro­
xide. To this solution there were added, with vigorous 
shaking and in several alternate portions, 7.7 g. (0.050 
mole) of fumaryl chloride** dissolved in 50 ml. of ether 
and 100 ml. (0.10) of 1.0 N sodium hydroxide. Each solu­
tion had been cooled in ice. After the odor of fumaryl 
chloride had disappeared, the aqueous layer was separated 
and acidified with concentrated hydrochloric acid. The re­
sulting precipitate was filtered off and dried. It was 
recrystalllzed by solution in 200 ml. of boiling methanol 
followed by the addition of 200 ml. of warm water. After 
cooling overnight in the refrigerator there was obtained 
10 g. (64;^  of theory) of fumaryl-dl-£|j-vallne with a melting 
point^ *^ of 266-267®# Tlae melting polnt^ ** rose to 282-283° 
* Rotation was taken on a 3^  solution In ethyl acetate. 
»•» A whit© label product of the Eastman Kodak Company, 
iiochester, Hqv York, was used. 
*** A copper block was used. 
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aftar seYeral other reoryatallisatlons from the same solTents. 
Anal, Calcd. for equiv., 157# N, 
8.91. 
Found! neut. equlv., 158; M, 8.70. 
Itaconlc anhydride 
fhe destructive distillation of oitrio aoid and the 
hydrolysis of the crude Intermediate itaoonio anhydride to 
the acid have been described (95)» but a method for the iso­
lation and pxirification of the sunhydride was omitted. The 
main contaminant is the isomeric citraconic anhydride. 
The following procedxire proved to be convenient for 
the purification of the itaconic anhydride: The anhydride 
layer, resulting from the distillation of citric acid, was 
dissolved in chloroform and dried over sodium sulfate. The 
chloroform was evaporated off ^  vacuo, and a small quantity 
of ether was slurried with the resulting oil. Crystals of 
itaconic anhydride formed, and the liquid citraconic anhy­
dride dissolved in the ether. The itaconic anhydride could 
be further purified from ether-hexane; melting point 65-66®. 
Citraconic anhydride 
The ethereal mother liquor from the itaconic anhydride 
(95) Shrinar, Ford, and Roll, "Organic Syntheses, Coll. 
Vol. II, Second Sdition, p. 368. John iViley and ^ ons. 
Inc., J^ ew York, 1946. 
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was evaporated and the residue was distilled, first at at­
mospheric pressure and then vacuo (96) to yield a quan­
tity of cltraconlc anhydride. 
itaoonyl -g^ vallnate 
A solution of 23.5 6» (0.210 mole) of Itaconlc anhy­
dride In anhydrous ether was added to a dried ether solu­
tion of the free base prepared from 44,0 g. (0.242 aiole) 
of gl^ vallne ethyl ester hydrochloride, fhe total volume 
was about 500 ml. After the solution had stood for three 
days, the ether was evaporated off, and the residue was 
triturated in cold water until it solidified. Filtration 
gave 37• 5 g» (70;^  of theory) of a product with a melting 
point of 79-83®. Repeated recrystallization from hot water 
finally gave the ester with a melting point of 88-89®. It 
was not determined whether the methylene group is in the « 
or ^  position relative to the amide group. 
Anal, Calcd. for C]^ 3^^ 905Ns neut. equlv., 257; N, 
5.44. 
Found: neut. equlv., 256j N, 5.44. 
Itaconyl-£^  valine 
One gram (0.0039 mole) of the above ethyl Itaconyl-^  
vallnate was dissolved in 8.0 ml. (0.01 mole) of I.85 M 
(96) Shriner, Ford, and Roll, "Organic Syntheses," Coll. 
Vol, II, Second Edition, p. 140. John vfiley and Sons, 
Inc., New York, 1946. 
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sodlum hydroxide and the solution was allowed to stand for 
five hoiirs. It was then acidified and evaporated to dryness 
in vacu9 at room temperature# The residue was extracted 
several times with hot absolute ethanol. Evaporation of 
the alcohol left a residue which soon crystalllaed} melting 
point 123-128®. This material was laest purified from water 
in which it was very soluble. Following several recrystal-
lizatlons the melting point rose to 139-140®. 
Anal. Galcd. for neut. ©qulv., 115; N, 
6.11. 
Found: neut. equlv., 115; N, 6.04. 
endo-cl8-5.6»Sndomethylene-A^ »te trahydrophthalovl-£L~valine 
Eight and two-tenths g. (0.050 mole) of endo-oig-3.6-
endomethylene- ^ -^tetrahydrophthalic anhydride* and 5.8 g. 
(0.050 mole) of PL-valine were fused at I50® until all water 
was removed. This required about twenty minutes. Several 
recryetalllaations from carbon tetrachloride-hexane gave 
crystals with a melting point of 118-119®. 
Anal. Oalcd. for Cx4Hx704N; neut. equiv., 263; N, 
5.32. 
Found: neut. equlv., 264, 265; N, 5.39. 
endo-c Is-^ . 6-Endomethylene- ii^^ -tetrahydrophthaloyl-D-valine 
« This compound is sold by the Eastman Kodak Company under 
the name •'bioyclo (2,2,1) 5-heptene«2,3-dioarboxyllc 
anhydride.* 
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aight and two-tenths g. (0.050 mole) of endo-ola-3.6-
endomethylene- .^ -^tetrahydrophthalic anhydride was fused 
with 5*8 g. (0.050 mole) of ^ -valine as described above for 
the racemic isomer. After repeated recrystallization from 
benzene-cyclohexane there were obtained crystals with a 
melting point of 116-117®. In. view of the instability of 
the anllide in aqueous solution (see below), no attempt was 
made to hydrolyze to the di-acid either this or the pre­
ceding imide. At the almost neutral pH used for bacteriolo­
gical testing, the corresponding phthalamic acids would very 
likely cyclize to the imides. 
24 
C =  + 6 0 . 4 ®  #  0 . 5 ®  
Ami. Galcd. for 2^ 704^ 5: neut. equiv., 263; 
5.32. 
Found; neut. equiv., 264; N, 5«35» 
M-Phenyl-endo-cis-3.6-endomethylene- /^ -^tetrahvdrophthalimide 
This compound has been previously synthesized by a 
longer procedure (97)» It was more readily prepared by the 
following method: Sight and tw-tenths g. (0.050 mole) of 
endo-cis-3.6-endomQthvlene- A -tetrahydrophthallc an}:^ dride 
aM 5*1 g« (0.055 mole) of aniline were heated together for 
twenty iiilnutes at 130®, by which time all water had been 
(97) Morgan, Tipson, Lowy, and Baldwin, J. Am. Qhem. Soc.. 
404 (1944). 
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reaoved. Xhe residue was dissolved in 50 ml. of ethanol, and 
then 70 ml. of hot water was added. 4ftsr cooling, the 
crystals were filtered off to give a yield of 11.5 6» i96% 
of theory) with a melting point of 141-143®. A second re-
crystallization from the same solvents raised the melting 
point to 142-144®. She amount of product recovered was 
10.2 g. {86% of theory). The above reference reported a 
melting point of 144®. 
endo-ci8-3.6-SndQfflethYlene- z3>^-tetrahYdroDhthalanilic acid 
Earlier experiments to prepare this compound were re­
ported to be unsuccessful (97) a.nd produced only the imide. 
The failure was probably due to the use of hot acetic acid 
for purification of the reaction product between aniline aM 
the bicyclic anhydride. 
To a solution of 4.1 g. (0.025 mole) of endo-ciB-3.6-
endo-methylene- A^ -tetraiyrdrophthalic anhydride in 20 ml. 
of benaene there was added, at room temperature, a solution 
of 2.5 ml. (0.030 mole) of aniline in 10 ml. of benzene. 
Crystals of the anilide soon appeared and after being cooled, 
they were filtered off to give a good yield of the desired 
acid. These crystals were purified at room temperature 
from ethyl acetate-hexane to a melting point of 135-145®# 
depending upon the rate of heating. 
The anilide rapidly formed the imide in aqueous solu­
tion. This is indicated by the fact that following neutra­
lization by sodium hydroxide to a phenolphthalein end-point 
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the solution soon became more basic, even when kept in ice. 
Anal. Galcd. for neut. equiv., 257; K# 
5.44. 
Found: neut. equiv., 26lj N, 5.43. 
4-Hydroxy-cia-3.S^ endomethvlenehexahydroohthalic acid 
Alder ani Stein (98) reported the preparation of this 
compound by stiaking the unsaturated bicyclic anhydride with 
50/J sulfuric acid at room temperature. The following modi­
fication proved to be more convenient; Forty s* (0.241 
mole) of endo-ci8-3.6-endomethVlene- /^ -^tetrahydrophthalic 
anhydride was added to 400 ml. of 50^  sulfuric acid by 
volume, which was at 50-60°. The mixture, which soon be­
came a solution, was stirred at room temperature for four 
hours. It was then poured into 400 ml. of ice-water, 
cooled, and filtered. The moist material was racrystal-
liaed from 200 ml. of water, giving a yield of 35 s» 
(795^  of theory) of the lactonic acid with a melting point 
of 195-200®. It was further recrystallized to the re­
ported melting point of 203°. 
2-Garboxy-4-hvdroxY-ci a-?.6-endome thylenehexahydroben-
zanilide Y-lactone 
(98) Alder and Stein, Ann.. 514. 22 (1934). 
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Thes© two experiments were carried out to determine 
the reactivity of the lactone ring toward amines. 
A mixture of 0.50 g. (0.0027 mole) of the above lacto­
nic acid and 0.70 g. (0.0034 mole) of phosphorus penta-
chlorlde was agitated In 10 ml. of benzene until all the 
solids were In solution. Dry air was passed through this 
solution to remove the liydrogen chloride gas, and then a 
cold solution of 2.0 ml. (0.021 mole) of aniline In 10 ml. 
of benzene was added. After the mixture had stood at room 
temperature for fifteen minutes, the solid material was 
filtered off and slurried successively with dilute hydro­
chloric acid, dilute sodium carbonate solution, and finally 
with water. The anlllde, having a melting point of 232-
233®* w^ s obtained after several recrystallizatlons of the 
residue from butanol. 
Anal, Calcd. for N, 5»44. 
Found; N, 5*46. 
The anlllde was also obtained by the fusion of the 
lactonic acid with aniline at 200® for two hours. This 
Indicates that, due to the fixed ring system, the lactone 
ring Is extreruely unreactlve toward amines. 
Methyl ester of 2-carboxv-4-hYdroxy-ol8-3.6-endomethylene-
hexahydrobenzoyl-iiL-valine V-lactone 
The acid chloride of the previously described cls-
lactonic acid was prepared in 15 ml. of benzene from 3*6 g. 
-A/i-
(0.020 mole) of the acid and 4.6 g. (0.022 mole) of phos­
phorus paiitachlorlde. The benzene and phosphorus ojqrchloride 
were removed from the solution In vacuo while It was In a 
water-bath kept at 60®. To the cooled residue there was 
added a cold benzene solution of the base prepared from 
8.3 6* (0.050 mole} of i^ vallne methyl ester hydrochloride. 
The mixture was allowed to stand at room temperature for 
several hours, and it was then extracted once with water, 
with dilute hydrochloric acid, and finally with dilute 
sodium carbonate solution. The benzene solution was dried 
over sodium sulfate and then evaporated vacuo, leaving a 
residue of 4.3 &• (73/^  of theory) of the desired methyl 
ester. Repeated purification from chloroform-hexane gave 
a product with a melting point of 168-169®• 
Anal. Calcd. for 4,74. 
Found: U, 4,71. 
2-garboxy-4-hydrQxv-cle-3.6-endomethylenehexahYdrobenaoyl-
Dli-valine V -lactone 
Two and eight-tenths g. (0.0095 mole) of the above 
methyl ester was added to 9*6 ml. (0.020 mole) of 1.95 ^  
sodium hydroxide, and the mixture was warmed on the steam-
bath for a few minutes until a complete solution was ob­
tained. This solution was cooled, and then acidified with 
concentrated hydrochloric acid. After being kept cold for 
awhile, the mixture was filtered to give 2.4 g. (89^  of 
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thdory) of material with a melting point of 187-189®. The 
melting point rose to 191«5-192.5° after three recrystal-
lizationa from water. 
Anal, Oalod. for neut« equiv., 281; N, 
4.98. 
Found: neut. equiv., 280; N, 4.94. 
Mmi S&ISE 9l a-oarboxy-4-hydroxy-£j^ -l,6-en(^ <?a^ tphyl^ ne-
hexahydroben20io aoid y-lactone 
Alder and Stein (99) isolated this ester in a 13% 
yield following eeterifioation with sulfuric aoid as a 
catalyst. The use of hydrogen chloride proved to be more 
satisfactory. 
A mixture of 20 g. (0.11 mole) of the previously de­
scribed c^ s-lactonic acid and 200 ml. of methanol was 
saturated with dry hydrogen chloride and refluxed for one 
hour. It was then resaturated with hydrogen chloride and 
refluxed for a total of three hours. The residue, resulting 
from evaporation of the mettianol in vacuo, was dissolved in 
chloroform and extracted once with water and once with 
potassium carbonate solution. The chloroform solution of 
the ester was dried over sodium sulfate and evaporated to 
(99) Alder and Stein, Ann.. 514. 24 (1934). 
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give a residue of 18.5 g. (86^  of theory) of the methyl 
ester with a melting point of 80-82®, The melting point 
was raised to 82-83® after several recrystallizations from 
ethyl aoetate-hexane. That previously reported (99) was 85®* 
2-0arboxy-4-hydroxv-trana-5.6-endomethylenehexahydrobenzoic 
asM jL-l&aMsa 
This acid was prepared from the 2-carboxy-4-hydro3(y-
cls-5.6-endomethYlen9hexahydrobenzoic acid "/-lactone ac­
cording to the procedure of Alder and stein (99). The in­
version of the carboxyl group was effected by refluxlng the 
methyl ester of the cis-acid with a solution of sodium 
aethylate in methanol. Alkaline hydrolysis then gave the 
trans-acid in an excellent yield* 
2-Qarboxy-4-hydrQxy-trans-5.6-endomethylenehexahvdrobenzoyl-
jj^ valine V -lactone 
The acid chloride of the above trans- lac tonic add 
was prepared in benzene from 5*0 g. (0.027 mole) of the 
acid and 6.0 g* (0.029 mole) of phosphorous pentachloride. 
The benzene and the phosphorus oxychloride were removed 
from the solution ^ n vacuo while it was in a water bath 
which was kept at 60®. Small amounts of benzene were then 
added and evaporated to insure that all of the phosphorus 
oxychloride was removed. To the residue there was added, 
with vigorous shaking, a cold solution of 6.5 g. (0.055 
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mole) of PL-valine In 50 ml. (0.10 mole) of 2 N potasalixm 
carbonate. The resulting solution was acidified in the cold 
with concentrated hydrochloric acid. Upon the addition of 
about 20 ml. of ettjyl acetate to the oily mixture, there 
appeared a precipitate which waa filtered off and dried; 
melting point 210-218®. The material was purified at room 
temperature by solution in absolute ethanol, addition of 
etnyl acetate to prevent layering, and then precipitation 
with hexane. Repetition of this procedure finally gave 
crystals with a melting point of 230-231®. 
Anal. Calcd. for neut. equiv., 281; N, 
4.98. 
Found: neut. equiv., 281; 14, 4.88. 
Miscellaneous Preparations 
Ol>-Valine methvl ester hydrochloride 
A mixture of 30 g. of DIi-valine and 300 ml. of methanol 
was saturated with dry hydrogen chloride. It waa refluxed 
for two hours, resaturated with hydrogen chloride, and re-
fluxed for fifteen minutes longer. Evaporation vacuo 
on a steam bath gave the methyl ester hydrochloride as an 
oil which crystallized only after the complete removal of 
the excess hydrogen chloride. The resulting solid was 
considered pure enough for further reactions. 
For analytical purposes the material was purified. The 
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following method of purification was the only one discovered 
which did not cause oiling: solution in acetone, addition 
of chloroform, and precipitation by hexane. The melting 
point remained in the range 90-97°• 
Anal. Calcd. for CgH^ ^^ OgNGl: N, 8.36; 01, 21,2. 
Found! N, 8*44; 01 (graviffletrio), 21»4, 21•4« 
£>L-Valine n-butvl ester sulfate 
The n-butyl eater of DL-valine was prepared by a 
Fischer osterlfIcatlon according to the procedure of Morgan 
(100). This ester was carefully added to a solution of 
concentrated sulfuric acid in anhydrous ether until the oil, 
which first formed, had solidified. The solid was recrystal-
lized from acetone-ether to a melting point of 140.5-141.5°« 
Anal, Calcd. for Cj^ qHjqO^ N2*H2SO^ s N, 6.30j SO4, 
21.6. 
Foundi 6.15; SO^  (gravimetric), 21.6, 21.?• 
This procedure is an adaption of a method given for 
the preparation of aceturic acid (101). A slurry of 11.7 g* 
(0.10 mole) of DL-valine and 50 ml. of water was warmed to 
50° and then 30 ml. (0.32 mole) of acetic anhydride was 
(100) Morgan, Ohem. Soc.. 79 (1926). 
(101) Herbst and Shemin, "Organic Syntheses," Goll. Vol. 
II, Second Edition, p. 11. John Wiley and iions. Inc., 
Hew York, 1946. 
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adddd in ozie portion, llie mixture was vigorously shaken 
until all the valine was in solution, and then it was al­
lowed to stand for thirty minutes. The solution was evapora­
ted to dryness 5ji vacuo, and the residue was recrystallized 
once from 80 ml. of water to give 9.5 6* (60^  of theory) 
of crystals with a melting point of 143-145®* Repeated 
crystallization from acetone raised the melting point to 
147»5-149°* A melting point of 144-146® has been reported 
for a product obtained by the action of acetic anhydride 
on ^ -valine in alkaline solution (102). 
"OBPm-
Anal. Galcd. for neut. equiv., 159# N, 
8.80. 
FoundJ neut. equiv., 158, 159» N, 8.77. 
valiBa aethvl eeS2£ 
Twenty grams (0.091 mole) of benaoyl-iJ3>valine (lOJ) 
was added to 200 ml. of methanol and the mixture was saturated 
with dry hydrogen chloride. This solution was refluxed for 
one^ -half hour and the methanol was then completely removed 
by evaporation in vacuo. After the addition of 200 ml. of 
cyclohexane and warming to effect complete solution, a 
crystal of the desired methyl ester was introduced, and the 
mixture was set aside to cool and crystalli2:,e. A yield of 
(102) Synge, Biochem. 1917 (1939). 
(103) Garter and Stevens, j;. Biol. Chem.. 138 . 627 (1941). 
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20 s« {94> of theory) of th® desired methyrl ester of benaoyl-
DL-yallne was obtained; melting point 86-89®• The melting 
point rose to 90-91° after several recryBtalllzatlons from 
e thano1-wat©r. 
Anal, Galcd. for N, 5.95« 
Found; iJ, 6.02. 
M-(n-3uty1)-ohthalamlo acid 
Fourteen and seven-tenths g. (0.10 mole) of phthallmlde 
and 7*3 &• (0.10 mole) of n-butylamlne were fused at 130® 
for one-half hour. The liquid N-butylphthallmlde (104) was 
not purified, but was hydrolyzed directly to the desired 
acid as follov/s: To the imlde there were added 10 ml. of 
ethanol and 50 ml, (0.10 mole) of 2 w sodium hydroxide. 
The mixture was heated to boiling for several minutes until 
a test sample produced no turbidity upon dilution with water. 
It was then cooled and precipitated with concentrated hydro­
chloric acid. The yield was 17 g. (77;^  of theory) of a 
product with a melting point of 105-106®# Because recrystal-
liaation from hot ethanol-water gave an impure product, the 
acid was purified at room temperature by solution in ether 
and precipitation as crystals by hexane to a melting point 
of 107.5-108.5®. 
(104) Vanags, Acta U'nlv. Latvlensls. JCli. Fakultat.. ^ e|:. 
4, 8, 405 (1939). Original not seen. Abstracted 
£• 1^ 3 (1940). 
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Anal. Calcd. for n®ut. ©qulv., 221 j N, 
6.35. 
FoundJ neut. equiv., 222, 223» 6,29, 6.32. 
els-1.2«Cyolo]3tttanedlcarboxlffild9 
This compound has been previously described by Menon 
and Slmonsen (105)» but their directions were not complete. 
oi8-1.2-'Qyclobutanedloarboxvllc anhydride was melted 
In an oil bath at 135° and was saturated with dry ammonia 
gas. The oil-bath temperature was then raised to 180® and 
held there for one-half hour. The resulting Imlde was 
nicely recrystalllzed from butanol-hexane to a melting 
point of 134w5-135«5°* Menon and Slmonsen reported a 
melting point of 121®. Ko pure material could be obtained 
using their method of purification from chloroform-hexane. 
Aj^ al. Calcd. for CgHyOgN: K, 11.2. 
Found: N, 11.3• 
cls-l.2-Qyclobutanedlcarboxamlo acid 
To 3.0 g. (0.24 mole) of cls-l.2-cyolobutanedicarboxylie 
anhydride cooled in an ice-bath, there was added 6 ml. of 
cold concentrated ammonium hydroxide. After all the an­
hydride hcid gone Into solution, the qxcqss ammonia was vola­
tilized ^  vacuo with the aid of a capillary tube. Excess 
(105) Menon and Slmonsen, g, Chem. iaoc.. 304 (1929). 
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concentrated hydrochloric add was added, and after cooling 
for awhile, the precipitated amide and ainaonl\im chloride 
were filtered off. The weight was 3»0 e« (88/i of theory). 
Several rscrystallizations from ethanol gave the acid with 
a meItins point of 159.0-159.5°. 
Anal. Galcd. for CgH^ O^ N: neut. equiv., 143 J N, 
9.79. 
Found: neut. equiv., 144, 145; N, 9.76, 9.79. 
iiesolution of DL-vallne by the bruoine salt method. 
The foraylatlon procedure was that of du Vigneaud, 
IJorfaann, and lorlng (106), as adapted to valine by Pling 
(20). The resolution was that of iimll Fischer (107) but 
with one convenient and time-saving modification, the 
formyl-jD- or L-vallne was not isolated but was hydrolyzed 
to the free aanino acid after decomposition of the brucine 
salt. 
One hundred g. (0.85 mole) of 1;L-vallne and 1500 ml. 
(24 mole) of 88-90;l foralc acid were placed in a 3-1. flask 
equipped with a stirrer, dropping funnel, and thermometer. 
The solution was heated to 60®, the source of heat was 
removed, and with stirring, 500 ml. (5.3 mole) of acetic 
(106) du Vigneaud, Dorfmann, and Loring, Biol. Qhem.. 
577 (1932). 
(107) Fischer, Ber.. 2^ , 2320 (1906). 
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anhydride was dropped in so that the temperature remained 
in the range 58-62°. Stlrrlrig was continued for fifteen 
minutes after the addition of the acetic anhydride was 
complete, and then 250 ml. of water was added. The mixture 
was evaporated ^  vacuo on a eteam bath until crystals 
appeared and it was then placed in a refrigerator overnight. 
Filtration gave 77 g. (62^  of theory) of formyl-D^ valine 
with a melting point of 137-143°. (Fischer reported a 
melting point of 139-144® for a purified sample). The 
filtrate was evaporated to dryness and the residue was 
triturated in 50 ml. of cold 5% hydrochloric acid. The 
remaining solid was formvl-DL-va1ine, having a weight of 
23 6. and a melting point of 133-138®. The total yield of 
foray 1-DL"valine was therefore 100 g. (81^  of theoiT'). 
One hundred g. (0.69 mole) of formvl-DL-valine and 
275 g* (0.70 mole) of bruclne were dissolved in 3000 ml. 
of boiling methanol, about 5 g. of charcoal was added, and 
after stirring briefly the mixture was filtered. It was 
allowed to stand in ice for four hours, and then the pre­
cipitate of brucinium formyl-D-vallnate was filtered off. 
(The hot methanol solution was seeded to insure crystal­
lization of the salt. The seed was obtained by cooling a 
small portion of the solution.) The precipitate was dried 
and weighed to check that the theoretical amount, 187 g., 
was obtained. The filtrate was evaporated in vacuo to 
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drynsae in a water-bath kept at 60°, The residue was 
bruc iniua-f onny 1-^ vallnate. 
mm 
Saoh isomeric brucinium salt was decomposed in the same 
manner. The salt was dissolved in one 1. of ice-water, aM 
2 N lithium hydroxide was carefully added until the solu­
tion was basic. The crystallisation of the brucine was 
facilitated by stirring. The mixtvire was allowed to stand 
in Ic© for ten mimites and then filtered, through a large 
Buchner funnel as rapidly as possible. The crystals of 
brucine were well washed with ice-water. The filtrate was 
extracted once with chloroform and twice with ether to 
remove traces of brucine. It was then acidified with 60 ml. 
of concentrated hydrochloric acid and heated In vacuo with 
a capillary to remove all the ether fumes. This was as & 
safeguard for the next operation. 
The solution was then distilled at atmospheric pres­
sure with a Meker burner until the volume was 150-200 ml. 
The time required was about tiiree hours. The solution was 
cooled and was adjusted to 6.0 with 2N lithium hydroxide 
using & glass electrode. This solution was again evapo­
rated to a volume of 150-200 ml. but this time vstcuo on 
the steam-bat^ . Fifteen hundred ml. of absolute ethanol 
was added, and the mixture was cooled overnight. Filtration 
gave about 25 g. (64^  of theory based on formyl-l^ valine) 
of each isomer, which was 93-98^  optically jjure as indicated 
by determination of the specific rotation. The isomers 
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weirs recrystalllzed by solution In the least amount of hot 
water and addition of absolute atiianol. Rotations observed 
on 3% solutions of purified and Ifvallne In 6 N hydro­
chloric acid are the following (107)s 
20 
Ij-vallne • + 28.8® 
l^ -vallne * - 29.0® 
PurlMcatlon of recovered bruolne 
liecovered bruolne was dissolved in boiling 5% sulfuric 
acid, charcoal was added, and after being stirred well the 
mixture was filtered. Brucina was precipitated from the 
still warm solution by the cautious addition of amiaonlum 
hydroxide. It was filtered off after the mixture had been 
©ooled in ice. This brucine was in the form of a hydrate 
and had to be dried at an elevated temperature to insura 
complete dryness. This was accomplished by air-drying and 
then heating in an oven at 115*^  for several hours. The 
melting point of brucine•4ii20 is 105® and that of anhydrous 
bruolne is 178®. 
Attempted enzymic resolution of B3>vallne 
Attempts wore made to resolve Dij-valine by the papain-
catalyzed precipitation of acylatad L-valinanilldes. This 
method was developed by Bergmann and Fraenkel-Conrat (108) 
for other a^ ilno acids. 
(108) aergmann and Fraenkel-Conrat, J. fllol. Chem.. 119. 
707 (1937). 
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All of the acylated vallnea tasted proved to be extremely 
unreactive in spite of the structural similarity of valine 
to leucine, which gave a quantitative precipitation of 
benzoyl-L-leucinanilide under the conditions used» 38 
The general procedure for the papain-catalyzed pre­
cipitations was as follows: |n 50 ml. test tubes there 
were placed 0.025 g. of commercial papain*, 0,025 g. of 
cysteine hydrochloride, 7»5 ml. of 1 M citric acid solution 
and 0.0025 mole of the desired acylated valine. Five 
tenths ml. (0.0055 mole) of aniline was added, and the mix­
ture was adjusted to a pH of 4.5 with concentrated sodium 
hydroxide and to a final volume of 25 ml. with water. Each 
tube was then stoppered and heated in a water bath at 40° 
for four days, at which time the precipitate, if any, was 
filtered off. The precipitates of the anilides were washed 
with dilute potassium carbonate solution and then with 
water. They were dried and weighed. Controls of either 
benaoyl-^ If leucine or hippuric acid were Included to check 
on the activity of the enzyme. The former always gave a 
quantitative yield of benzoyl-jy-leucinanilide and the lat­
ter gave a 7-14^  yield of benzoylslycinanillde. All of the 
acylated valines except ohthalovl-Dli-vallne dissolved com­
pletely in the reaction mixture. 
* A product of the Nutritional Siochemicals Oorporation, 
Cleveland, Ohio. 
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Senzoyl-^ v^aline gave a yield of benzoyl-^  
vallnanllld®*; forvaline, acetyl-gL-valine, and 
phthaloyl-DL-valine produced no detectable amount of anl-
llde. Although the of the reaction medium does have a 
large effect in determining the yields of anllides (109), It 
was not considered likely that varying the pli would Induce 
a quantitative precipitation of benzoyl-jy-valinanilide. On 
the basis of these experiments it appeared that D^ valine 
could not be resolved by this method. The optical isomers 
of valine used in this thesis were obtained by the pre­
viously described brucine salt method. 
N-Phenvlphthalimide precipitations 
When o-carboxvbenaoyl-Dli-valine was used as a sub­
strate in the above manner, there was obtained a substance 
which was identified as iNi-phenylphthalimide by analysis and 
mixed melting point with a known sample. The yield was 
42-485^  of theory, based on the assumption that both the £ 
and ^  isomers react equally well. A control without papain 
gave a S0% yield of w-phenylphthallmide, indicating that 
the enzyme exerted no catalytic effect. 
To continue the survey of this unexpected reaction. 
* Purified and analyzed by Jaquetta S. Halverson. It 
had a melting point of 211-212®. Galcd. for 
Oi8H2o02i^ : N, 9.46. Found: N, 9.37, 9.44. 
(109) Fox, Minard, Wax, Pettinga, and Strifert, Federation 
Proc., 8, (Part 1), 198 (1949). 
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Other phthalamlc acids were tested using these amounts of 
materials; the phthalamic acid (0.005 mole), 0.93 ©!• 
(0.01 mole} of aniline, 22.5 ml- of 1 M sodium citrate 
solution (pH 4.5) and 22.5 ml. of water. The weights of 
W-phenylphthalimide which were filtered off from duplicate 
tubes after heating at 40° for seven days were as follows, 
the percentages of theory being in parentheses; 
phthalamic acid 0.76 g (69%) 
0.76 {69%) 
H-butylphthalamic acid 0.82 (74^ ) 
0.81 (73%) 
N-phenylphthalamic acid 0.25 (23^ ) 
0.25 ( 24jg) 
o-carboxybanzoyl-UL-valinae 0.91 (8^ ) 
— 0.89 (81^ ) 
The i^ -phenylphthalamic acid was the only compound which did 
not go completely into solution after combining and shaking 
the reaction mixture, 
s^ o conclusions as to the mechanism for the formation 
of M-phenylphthallmide can be drawn from these limited 
data, although it is not improbable that N-phenylphthalamlc 
acid is a reaction intermediate. The low yield from N-
phenylphthalamic acid Itself may be due to its insolubility 
in the aqueous medium. This reaction was not further in­
vestigated because of its remoteness from the problem. It 
might possibly be of Interest as a model for in vitro pep­
tide bond synthesis. 
-59-
DISCU3SI0M 
It may ba considered (110) that a bactericidal sub­
stance interferes with an enzymlc process for which there 
is no alternate pathway, and that a bacteriostatic sub­
stance interferes with the main pathway but leaves open 
minor ones which can support life at a reduced rate of 
growth. Thare are four general ways by which a substance 
may interfere with the action of an enEyme^ -s reaction 
with the enzyme protein, reduction of the activity of 
the coenzyme or activator, competition with the substrate 
for an active center on the enzyme, and finally, re­
duction in the activity of the substrate. As examples 
of these methods there may be mentioned the reaction of 
bis- (S -chloroethylsulf ide with sulfhydjpyl groups in the 
protein portion of urease (111), the action of hydrogen 
cyanide on iron-porphyrin coenzymes (112), the competi­
tion between succinic acid and malonic acid for succinic 
acid dehydrogenase (113)» and the reaction of formalde­
hyde with a free amino group in the peptide substrate 
» fauber has classified the first three of these. 
"The Chemistry and Technology of iSnzymas," p. 14. 
John Wiley and Sons, Inc., Mew York, 1949* 
(110) Kavanagh, Advances in anzvmol.. (1947). 
(111) Grant and Kinaey, Biol. Qhem*. 165. 485 (1946), 
(112) Krebs, Blochea. Z.. 204. 322 (l9297r 
(113) u^astel and WooMrldge, Biochem. 22. 689 (1928). 
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of amlnopeptidaae (114). 
vVlth the above methods as a basis, many simple aoyl 
groups would assum© a naw Importance antlbactarially If they 
could be brought near to an enzyme aystsm which Is essential 
for bacterial life. It Is conceivable that coupling these 
groups with a naturally occurring amino add would enable 
themi after penetration of the bacterial cell, to gain 
proximity to a particular enzyme system and to exert an 
Inhibiting effect. Because previous work (20^ 22) Indicates 
that the mere Inclusion or repetition of a D configuration 
in an amino acid derivative Is not enough to confer anti­
biotic activity* emphasis was placed upon the finding of 
active acyl groups prior to the study of the effect of 
optical Isomerism. It was with these thoughts In mind that 
certain compounds containing amino acids were selected suad 
prepared. 
An amino acid derivative having unusual bond distances 
or angles might possibly Interfere with enzyme-substrate 
complex formation and thus interfere with bacterial meta­
bolism For this reason the ola-2-carbQxycyolobutanecar-
bonylvallnes were prepared. Kilpatrick and Spltzer (115) 
have calculated that the angle between two hydrogen atoms 
(114) Anson, Science. 81. 46? (1935)• 
(115) Kilpatrick and Spltzer, £. Qhem. Phys.. 14, 463 
(1946). 
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attaohad to the same carbon atom In the ring of cyolo-
butane le approximately six degrees greater than the usual 
tetrahedral angle of 109® 28*• The distance between the 
ring carboxyl and the amide group may therefore be con­
sidered as a sort of '^ uxmatural*' distance. Structures of 
this type, involving slight variations in bond angles and 
distances, do not appear to have been previously incor­
porated into amino acid derivatives for this purpose. 
Various acylated valines were prepared which contain 
an ethylenic linkage to a carbonyl group. There are 
clear indications that such activated ethylenic linkages 
can inactivate certain enaymes by adding their sulfhydryl 
groups. By thus reacting with essential enzymes, bacterial 
metabolism might be inhibited. Geiger and Conn (116,117) 
have shown that an Increase in the size of groups adjacent 
to the ethylenic bond in various acrylophenones may be 
correlated with a decrease in antibacterial activity. On 
this basis, of the compounds maleyl-, itaconyl-, and 
fiuaaryl bis-valine, the itaconyl valine with its terminal 
methylene group is the most interesting. 
Alder and Stein (118) have established that the adduct 
of cyclopentadiene with maleic anhydride, 
(116) Geiger and Gonn, J. Ghem. Soc., 112 (1942). 
(117) G«iger, Arch, aiochem.. 423T19W. 
(118) Alder and Stein, Ana». 504. 216 (1933)* 
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endO"c3.s-3.6-endometlivlene-' ^ ''^ -tQtraiiydrophthallc aaahydrld®, 
has the structure shown, and by a series of reactions they 
have converted it into tiie trana-lactonic acid. Because of 
the gross similarity to the ring structure of penicillin, 
which was determined by X-ray crystallograpiiy (119), this 
. 0  
fjHO-R 
trans-lac tonic acid was coupled with valine, '^ 'he Isosieric 
compound containing the cls-lactonlc acid was also prepared, 
Th® Imide formed by the fusion of endo-cla-3.6-
endomethylene- ^ -^tetrahydrophthallc anhydride with amyla-
mine has tjeen patented (120) as a pyrethreum substitute in 
Insect spray. Because the ring system does show such 
decided biological activity, the imlde formed between the 
anhydride and valine was prepared to be tested against 
bacteria. 
(119) Crowfoot, Bunn, Kogers-Low, and Turner-Jones, "The 
Chemistry of Penicillin,'' p. 310. 
(120) United States Patent 2, 424, 220. 
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SUMMARY 
A number of acyX derivatives of valine were prepared 
for bacteriological testing. They are the followings 
phthaloy I-JjL-va 1 ine and monohydrate, £-carboxybenzoyl-£^ , 
and ^ valine, oiB-1.2«cyolobutanedioarbonyl»D^ valine 
and monohydrate, cla-l,2-cyclobutanedioarbonyl-D- and Lj-
valine, ciB"2«'carboxycyolQbutaneoarbonYl-DL-', D-, and 
valine, maleyl-^ -, and ^ valine, fumaryl-di-D^ valine, 
itaoonyl-^ v^aline, endo»ci8«3.6»endomethylene* 
tetrahydrophthaloyl-DL- and ^ -valine, 2-oarboxy-4-hydroxy-
cis-i, 6-endojae thy lenehexahy dro benzoyl-^ -val ine-lactone, 
2-car boxy'•4-hYdroxv-tranB«'3.6~endome thy lenehexahvdrobenzoyl-
OJj-valine Y-lactone • 
The following new compounds were also prepared; methyl 
itaconyl-j^ -valinate, methyl 2-hydroxy-4-carbosy-c4£-
endomethvlenehexahydrobenzoyl-DL-valinate V-lactone, 
valine aethyl ester hydrochloride, benzoyl PL-valine methyl 
eater, j^ -valine n-butyl ester sulfate, i^ -n-butylphthalamic 
acid, ci6-1.2-cyolobutanedioarboxamic acid, endo-cia-5.6-
endomethylene- /^ -^tetrahyarophthalanilic acid, and 2-carboxy-
4-hydroxy-ois*3>6-endomethylene hexahydrobenzanilide 'V-
lactone. 
Attempts to resolve iiL-vallne by the papa in-catalyzed 
precipitation of acylated ^ valinanilides ware unsuccessful 
from a practical viewpoint. 
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An interesting conversion of phthalamic acids into 
i!i-ph©nylphthalimide is reported. 
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